The present study was carried out in order to evaluate the mutagenic effect of 3 nitrogenous fertilizers; urea, ammonium nitrate and calcium nitrate; on Drosophila melanogaster. Newly hatched larvae were treated with the LC 25 and LC 50 of the 3 tested nitrogenous fertilizers. The classic sex-linked recessive lethal (SLRL) test was used to detect the differential mutagenic effect of the fertilizers on the 3 germ stages. The results showed that all fertilizers exhibited variable mutation frequencies in the different broods of spermatogenesis after a single treatment. Urea exhibited a direct mutagenic effect on post-meiotic stages whereas ammonium nitrate and calcium nitrate revealed an indirect mutagenic effect on meiotic and pre-meiotic stages. The electrophoretic separation of proteins (SDS-PAGE) showed that treatment with these fertilizers resulted in polymorphetic changes in different low and high molecular weight protein bands, causing alteration in the electrophoretic patterns and densities of proteins. This study showed that the tested nitrogenous fertilizers possess mutagenic potentialities which are related to their nitrogen content.
Despite of the important role of artificial fertilizers in increasing crops, the great increase in type, quality and randomly used of the artificial fertilizers caused many health problems. Artificial fertilizers, a major source of environmental nitrates, may be composed of a variety of chemicals including ammonium, calcium, potassium and sodium nitrates and urea. Nitrites (and indirectly nitrates) can react with amines and amides to form nitrosamines and nitrosamides. The precursors of these N-nitroso compounds are widely distributed in various environmental media. N-nitroso compounds are carcinogenic in a wide range of animal species; most are mutagenic in test systems and some have been shown to be teratogenic to animals. Recent studies showed that nitrogenous fertilizers have various hazards on the genetic material. These hazards can appear as malignancy in the actual living populations or may represent a genetic load to future generations (Adel 2000 , Xu et al. 2003 .
The fruit fly Drosophila melanogaster provides a powerful experimental system for the study of gene function, development and disease mechanisms. Drosophila can be a key organism for the validation and testing of post-genomic computational methods because its genome is large, complex (Adams et al. 2000) , well-annotated and highly curated (Gelbart et al. 1997 ) and supported by a vast amount of knowledge accumulated from genetics, molecular biology and recently by largescale experimentation such as saturated mutagenesis and expression profiling.
The present study was aimed to evaluate the mutagenic activity of 3 nitrogenous fertilizers; urea, ammonium nitrate and calcium nitrate; on Drosophila melanogaster. Two genetic criteria were carried out in this work; classic sex-linked recessive lethal (SLRL) and re-fractionation of protein patterns.
Materials and methods

Drosophila stock
Drosophila melanogaster fly stock was originally supplied by the Environmental Mutagen Research Unit, Faculty of Agriculture, Ain Shams University. Drosophila was maintained on standard corn meal/agar/sucrose medium at 25°C.
Nitrogenous fertilizers
The 3 nitrogenous fertilizers in this study are urea, ammonium nitrate and calcium nitrate. Urea [CO(NH 2 ) 2 ]: It is provided as a water-soluble white crystalline substance containing 46% nitrogen per gram mol. Urea is converted to ammonia which reacts with water to form ammonium. Calcium nitrate [Ca(No 3 ) 2 ]: It is provided as a salt water-soluble pale brown crystalline solid with 16% nitrogen per gram mol. The salt contains all of its nitrogen in nitrate form. Ammonium nitrate [NH 4 No 3 ]: It is provided as a water-soluble white crystalline substance containing 33% nitrogen per gram mol. One-half of its nitrogen is in nitrate form.
Treatment of Drosophila larvae
The 3 nitrogenous compounds used in this study were administrated through larval feeding. A solution of each tested compound in water was mixed with the regular medium just before it starts to solidify. Newly hatched larvae were put on the treated medium with 2 concentrations for each tested compound (LC 25 and LC 50 , previously determined by Adel 2000) and incubated at 25°C. The newly adult males emerging from treated larvae were used for molecular assays.
Sex-linked recessive lethal (SLRL) test
The Basc-Muller-5 technique described by Wurgler et al. (1984) was used to detect SLRL. After larval feeding with treated media, emerging males about 3 days old were selected. These males of the wild genotype were mated individually to 3 virgin females of the Muller-5 genotype to obtain the first brood.
The vials were numbered to keep track of the treated male and his progeny. After 2 days, each male was transferred to a new vial with 3 new virgin M-5 females with the same number of the vial to obtain the 2nd brood. This was carried out till the 4th brood at intervals of 4 and 1 day(s) successively for the 3rd and 4th broods. This procedure was carried out to get a series of treated samples representing different germ cell stages; spermatozoa, spermatids, spermatocytes and spermatogonia, respectively.
When the F 1 flies emerged in each brood, every F 1 heterozygous female representing 1 X-chromosome treated in the paternal male was placed individually in vials with M-5 males. About 14 d after the F 1 mating, the vials were examined and scored for the presence or absence of non-lethal. The vials suspected of bearing a lethal were examined more closely. If no wild type males are seen, this particular treated X-chromosome should be retested by mating the females heterozygous for the treated X-chromosome.
Data from the SLRL test was represented as the number of X-chromosomes that carry a lethal divided by the total number of X-chromosomes tested, thus giving a relative frequency of mutation usually expressed a percentage. Results were computed using the Kastenbaum-Bowman test (1970) to measure the significance between treated and controls.
Determination of molecular weights of proteins
Size fractionation of whole body protein was carried out through denaturing SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel electrophoresis). Electrophoresis was carried out on a 1 mm thick vertical slab polyacrylamide gel (Sturdier slab gel electrophoresis unit SE 400).
Molecular weight (MW) is a property often used in the identification of organic compounds and is one of the criteria used in its determination. SDS electrophoresis had been carried out for the determination of MW of proteins. Scanning molecular weight, relative mobility (Rm) and percentage of each band was accomplished through an EPSON Gel Scanner, Gel-Pro Analyzer, Windows 95 Program.
Results
Detection of sex-linked recessive lethal
The finding of the Basc-Muer-5 test after exposure of male flies emerging from treated larvae are presented in Table 1 , the results were scored in F 2 generation.
The lethality induced by urea treatment at LC 50 concentration showed a decrease from the 1st brood to 4th brood corresponding to sperms, spermatids, spermatocytes and spermatogonia, respectively. Values of the mutation frequency of the treated groups are larger than those of the control ones. The mutation frequencies of the treated groups were 2.0%, 1.3%, 1.6% and 0.7% in the 1st, 2nd, 3rd and 4th broods respectively, whereas the mutation frequency was 0.1% in controls. Statistical analysis using the Kastenbaum-Bowman test demonstrated that the mutation frequencies in the post-meiotic and meiotic stages of the treated groups were significant at 2 levels (0.05 and 0.01) when compared to the control while they showed a border line value in the pre-meiotic stage.
From Table 1 , the pooled lethality values induced by ammonium nitrate at LC 50 concentration showed that there were slight differences in mutation frequencies in the 1st (1.6%) and 2nd (1.5%) broods. However, these values do not remain low and a marked increase in lethality was depicted in the 3rd (2.1%) and 4th (2.8%) broods. Statistical analysis of induced lethality values revealed a significant increase in treated groups over the controls at the levels 0.05 and 0.01. Table 1 showed also that the mutation frequencies induced by calcium nitrate at LC 50 concentration are higher than those in the controls. These increases were significant at 0.05 and 0.01 levels. The highest mutation frequency (2.4%) was found in the 4th brood corresponding to spermatogonia (pre-meiotic stage) and the lowest (1.1%) was found in the 1st brood corresponding to sperms (post-meiotic stage), whereas in the meiotic (spermatocytes) and late post-meiotic (spermatids) stages, the mutation frequencies decreased to reach an almost equal value (1.7% and 1.8%).
Refractionation of protein patterns
Protein patterns of the whole body tissue from adult males of untreated (control) and treated Drosophila melanogaster with the LC 25 and LC 50 of the 3 tested nitrogenous fertilizers were compared using 1 dimentional denaturing SDS-PAGE.
SDS-PAGE revealed that the proteins of the whole body tissue stained with COBB were separated into 31 bands. The total number of bands recorded in control, urea LC 25 , urea LC 50 , calcium nitrate LC 25 , calcium nitrate LC 50 , ammonium nitrate LC 25 and ammonium nitrate LC 50 were 24, 24, 24, 18, 22, 24 and 11, respectively (Table 2) . There were 9 common bands which appeared in the untreated and treated adult males: these bands were no. 17, 18, 19, 20, 21, 22, 24, 25 50 , respectively. The remaining bands possessed a wide range of concentrations that fluctuated in the different cases understudy.
Discussion
The major sources of environmental nitrogen are the results of process intensification by human activities such as the chemical synthesis of nitrogenous fertilizers, internal-combustion engines, intensive farming and the use of xenobiotic chemicals in industrial processes (Cole 1993) .
Many studies deal with the evaluation of nitrogenous fertilizers hazards on the genetic materials. These hazards can appear as malignancy in actual living populations or represents genetic load to future generations (Levytskyy et al. 2004 , Tsimakuridze et al. 2005 .
The mutagenic effects of some nitrogenous fertilizers indicated a noticeable incidence of sterility in males as well as in females Drosophila melanogaster in post-meiotic and meiotic stages (Adel 2000) . Spermatogenesis is a complex development process of mitotic and meiotic cell divisions that ultimately result in production of haploid spermatozoa.
The present study is focused upon the mutagenic effect of 3 nitrogenous fertilizers; urea, ammonium nitrate and calcium nitrate on Drosophila melanogaster. 2 genetic criteria were carried out in this work; classic sex-linked recessive lethal (SLRL) and re-fractionation of protein patterns.
The classic sex-linked recessive lethal (SLRL) test was used to detect the differential mutagenic effect of the fertilizers on the 3 germ stages. The results showed that all fertilizers exhibited variable mutation frequencies in the different broods of spermatogenesis after a single treatment. Urea exhibited a direct mutagenic effect on post-meiotic stages whereas ammonium nitrate and calcium nitrate revealed an indirect mutagenic effect on meiotic and pre-meiotic stages (Table 1) . Rincon et al. (1998) concluded that treatment of Drosophila larvae with the mixture resulting from the in vivo reaction of nitrosation precursors (methyl urea, sodium nitrate or its combination) resulted in high frequencies of induced wing spots comparable to those recorded with the potent genotoxin N-nitrosomethylurea. Also, Ryskova et al. (1997) demonstrated the genotoxicity of N-nitroso-N-methylurea (MNU) and acetone oxine (ACOX) in Drosophila melanogaster and determined the effect of human glutathione S-transferase on the genotoxic response.
Urea derived compounds such as 1,4 dioxane (DX) and thiourea (TU) have the functional ability to work as rodent carcinogenesis on Drosophila. TU causes increase of meiotic non-disjunction in the earliest cells tested in a more consistent fashion than DX. Toxicity of DX and TU is also known to play a significant role in the induction of chromosome malsegregation (Munoz and Mazar-Barnett 2002) . Baldrich et al. (2003) illustrated that the White-apricot (Wa) mutant of Drosophila melanogaster is characterized by a copia retrotransposon inserted in the second intron of the white locus. After germinal exposure to alkylating agent N-ethyl-N-nitrosourea, they obtained new phenotypes seemmaly be caused by mutations being induced in other loci acting as modifiers, most of them located on the X chromosome.
Moreover, mutation frequencies induced by urea may be attributed to gene mutations rather than chromosomal aberrations since for urea significant alterations were higher in the earlier stages of spermatogenesis where DNA replication takes place. On the contrary, the lethal mutation induced by ammonium nitrate and calcium nitrate in late spermatogenesis may be a consequence of both gene mutations as well as chromosomal aberrations and similar results were recorded by Lee et al. (1983) .
Also, during the present study, treatment with the three tested nitrogenous fertilizers revealed some differences in SDS protein patterns (PAGE) in the treated adult males than the control. The results showed that there were some common bands (17) (18) (19) (20) (21) 24 , 25 and 31) with molecular weight ranging from 18.343 KDa to 80.012 KDa which were detected in all cases under investigation.
It could be concluded that LC 25 of the 3 tested nitrogenous fertilizers caused the appearance of new protein bands, while the LC 50 of the same fertilizers caused the disappearance of many bands which had been detected in the control. These results showed that proteins of tested male Drosophila were affected by the 3 tested nitrogenous fertilizers. Ammonium nitrate LC 50 is more effective than urea and calcium nitrate while calcium nitrate LC 25 is more effective than urea and ammonium nitrate.
However, our results may be supported by finding recorded with other chemicals rather than N, for example Cadmium (Cd). Braeckman et al. (1999) proved that Cd clearly stimulated protein synthesis at low doses. They found a major induction of a group consisting of 71, 756 and 78 KDa proteins, probably belonging to the HSP 70 family. This extensive protein family can be induced by a wide variety of environmental stress factors such as heat, oxidative stress, UV and heavy metals.
The main function of HSP consists in folding and refolding a cell organelle (Schlesinger 1990 ). This suggests that proteins are involved in the cellular protection against Cd toxicity in Aedes cells. Also, Courgeon et al. (1984) showed that in Drosophila cells maximal induction of HSP 70 after 24 h was found at 50-100 mmole/l CdCl 2 . The expression of these HSPs may serve as an emergency function because they might protect sensitive proteins from damage (Beyersmann and Hechtenberg 1997) .
Moreover, in the present research, treatment with the tested nitrogenous fertilizers cause in Drosophila the disappearance of some bands with molecular weights ranging from 42.7 KDa to 93.12 KDa and the appearance of specific protein bands with molecular weight ranging from 13.2 KDa to 137 KDa.
The results obtained in this study are inconsistent with previous results obtained by StummZollinger and Chen (1985) who reported the separation of more than 40 protein bands from Drosophila melanogaster male accessory glands by SS-PAGE which decreased 21 fractions in the presence of urea.
Our results indicated that the three tested nitrogenous fertilizers possess mutagenic potentialities on the molecular level as well. Such conclusion supports the genotoxic and carcinogenic effects recorded throughout the literatures of nitrogen content. Another possible interpretation for the mutagenecity of the tested compounds is the ability of nitrogenous fertilizers to methylate DNA resulting in different types of genetic alterations.
